The action of pentobarbital on primary afferents of the isolated frog spinal cord was analyzed with sucrose gap and intracellular recording techniques. Pentobarbital in concentrations generally considered to be in the anesthetic range greatly prolonged presynaptic inhibition and also depolarized primary afferents. The depolarization was accompanied by an increase in excitability and resulted from activation of y-aminobutyric acid receptors, possibly by a direct action on these receptors, since the depolarization was reversibly blocked by ,y-aminobutyric acid, but not by glycine, antagonists, and magnesium ions. Furthermore, dorsal root ganglion cells exhibited a reduced sensitivity to both y-aminobutyric acid and pentobarbital after a "desensitizing" dose of 'yaminobutyric acid. The prolongation of presynaptic inhibition and the activation of y-aminobutyric acid receptors on primary afferents by pentobarbital should act to reduce the amount of transmitter released from the first synapse in sensory pathways.
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Although the barbiturates are among the most widely used drugs, their mechanism of action in the central nervous system has remained largely enigmatic. The available evidence suggests that the barbiturates act mainly at synapses, suppressing excitatory synaptic transmission (1) (2) (3) (4) (5) (6) (7) (8) and usually either preserving or augmenting inhibitory synaptic transmission (6, (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) . The action of barbiturates on the spinal monosynaptic pathway has received the most rigorous analysis, and it has been shown that, in low doses, they reduce the amount of transmitter released from the primary afferents (4 The pH of the drug solutions was adjusted when necessary with NaOH or HCl. Low resistance microelectrodes (1-3 MO) filled with 2 M NaCl were used for focal recording of synaptic potentials. The same electrodes were also used to test the excitability of primary afferent terminals (21) . The terminals were stimulated with submaximal pulses, and the antidromically conducted volley was recorded in mineral oil with bipolar platinum electrodes. The distal electrode was placed on the crushed end of the dorsal root. Since the action of pentobarbital required several minutes to develop, it was important to ensure that the position of the microelectrode did not shift during the experiment. This was accomplished by firmly pinning down the cord in the immediate vicinity of the microelectrode and obtaining control observations for at least 30 min. To relate the excitability changes to the depolarization of the dorsal root, we monitored potential changes in the neighboring dorsal root with sucrose gap recording. Rana catesbiana were used for intracellular recording from dorsal root ganglion cells. Microelectrodes (10-30 MO) filled with 2 M K acetate were used for intracellular recording. A bridge circuit was used to pass current through the microelectrode.
RESULTS
Addition of pentobarbital to the perfusate slightly increased (114% i 7 SD, n = 5) and greatly prolonged the dorsal root potentials, as shown in Fig. 1 (Fig. 2) . However, for concentrations of 1 mM or more of pentobarbital (Fig. 2B) , the increase in excitability was followed by a fall in excitability below control levels, despite the maintained depolarization of the primary afferents. Amylobarbital, thiopental, barbital, and 5-(2-cyclohexylideneethyl)-5-ethyl barbituric acid also elicited a depolarization, while barbituric acid had no effect. It is well documented that a number of amino acids have a strong depolarizing action on primary afferents (23) (24) (25) (26) (27) , and the action of amino-acid antagonists suggest that GABA and possibly taurine or g3-alanine are transmitters mediating dorsal root potentials. An interesting observation was that the GABA antagonists, picrotoxin and bicuculline, also just as effectively and reversibly blocked the depolarizing action of pentobarbital (Fig. 3A) . This finding suggests that pentobarbital might be eliciting its effects by activating GABA receptors. This notion is strengthened by the observation that strychnine, which blocked fl-alanine responses, failed to block the pentobarbital (or GABA) response (Fig. 3B) .
The depolarizing response has been further characterized by intracellular recording from dorsal root ganglion cells. In general, dorsal root ganglion cells were less sensitive to pentobarbital than the primary afferent terminals, requiring approximately a 10-fold increase for the minimally effective concentration. The depolarization of ganglion cells by pentobarbital exhibited properties similar to those of the GABA response. Applications of GABA in concentrations greater than 2 X 10-4 M "desensitized" the ganglion cell membrane to a subsequent application of GABA and recovery required approximately 5-15 min, depending on the concentration of GABA used. Interestingly, the membrane was also less sensitive to pentobarbital after a "desensitizing" concentration The responses in C were recorded intracellularly from a dorsal root ganglion cell; they show that immediately after a desensitizing application of GABA (1 mM), pentobarbital (1 mM) no longer elicits a response. The final response was obtained 16 min after the GABA application. The resting membrane potential was -70 mV. D shows that the pentobarbital (0.5 mM) depolarization of dorsal root ganglion cells is associated with a fall in membrane resistance, as indicated by the decreased voltage deflection induced by constant current (-1.5 nA) hyperpolarizing pulses. The resting membrane potential was -56 mV. In E, curves of current against voltage were obtained before (0) and during (0) the pentobarbital (1 mM) depolarization in another cell.
of GABA (Fig. 3C) , and the time course for recovery was similar to that seen with GABA. The depolarization was associated with a large fall in membrane resistance (Fig. 3D) , and a comparison of curves of current against potential in the presence and absence of pentobarbital suggests that the reversal potential for the pentobarbital depolarization is similar to that for GABA (27) ; in Fig. 2E (15) (16) (17) (18) (19) 33) and would be expected to contribute to the depression of sensory input. This enhancement in the presence of barbiturates could result from the prolonged release of GABA (and possibly taurine), substances proposed as transmitters mediating presynaptic inhibition (23) (24) (25) (26) (27) , an inhibition in the uptake or catabolism of these substances from the synaptic cleft (29) , or an enhancement of the action of the transmitter. It remains to be determined how much the prolongation of presynaptic inhibition contributes to the depressant properties of barbiturates.
The question arises as to whether the depolarizing action of barbiturates on primary afferents and the increase in terminal excitability occur by a direct action on GABA receptors or indirectly by the release of GABA. The resistance of the response to magnesium ions does not entirely exclude an indirect action, since anesthetics have been proposed to release transmitter from the neuromuscular junction by a calcium-independent mechanism (28) . However, pentobarbital has been shown to decrease, not increase, the efflux of [3H]GABA from brain slices (29) ; furthermore, the dorsal root ganglion, which contains no synapses and only small amounts of GABA (30) , is also depolarized by pentobarbital. The observation that prolonged applications of 1 mM or more of pentobarbital eventually resulted in a fall in excitability, is presumably due to the local anesthetic action of pentobarbital, which occurs with these concentrations (31) . The fact that investigators in previous studies have not seen an increase in excitability of primary afferents (2, 11) (4) . However, the convulsant barbiturate, 5-(2-cyclohexylideneethyl)-5-ethyl barbituric acid, also depolarized the primary afferents (32) , and yet was shown to augment the monosynaptic reflex (33) . Possibly the depolarization of motoneurons by the convulsant barbiturate (34) counteracts a presynaptic depressant effect on the monosynaptic reflex.
It is unclear whether the depolarizing action of barbiturates on primary afferents also applies to nonprimary afferent terminals, which are not under presynaptic inhibitory control, since these synapses might not be expected to possess GABA receptors. For instance, pentobarbital actually increases the quantal content of the end plate potential at the neuromuscular junction (35) . The pentobarbital-induced depression of excitatory transmission in the prepiriform cortex is not associated with any change in the size of the presynaptic spike or the excitability of the presynaptic fibers (7) .
In summary, the present results indicate that concentrations of pentobarbital similar to those found during surgical anesthesia greatly prolong the presynaptic inhibition of primary afferents and also depolarize primary afferents by activating GABA receptors. Such-actions on the first central synapse of sensory pathways may reduce the sensory input and contribute to the depressant properties of this agent. 
